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Because these electrochemical reactions are so important to cellular function and 
the measurement of cellular function let’s examine

∆G (J) = -n F ε
in greater detail.

Using another relation for ∆G 

∆G  = -n F ε = ∆G°+RT ln(Q)

Now, 

∆G°= -RT ln(K)  = -n F ε°
So

-n F ε = -n F ε° + RT ln(Q)

ε = ε° - RT ln(Q)/n F (Nernst Equation)

ε = ε° - 0.059 * log(Q)/n (at 298K)

The Nernst Equation



ε° (volts)
0.5 Pyruvate + H+ + e- 0.5 lactate -0.19

- 0.5 NAD+ +  0.5 H+ +  e- 0.5 NADH -0.32

0.5 (Pyruvate +    H+ + NADH lactate + NAD+) 0.13

The standard reduction potential doesn’t change because all the stoichiometry gets 
balanced in the Nernst equation.
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That is, the electrochemical potential is an intensive property, i.e. it is measured on 
a per mole basis!

The reduction potential is intensive!



We found that the standard electrode potential ε° can be measured and tabulated as
half-cell potentials.

Half-cells are really defined as pure oxidation or reduction reactions.

We really can’t have an oxidation without a reduction reaction and vice versa.

We can formally write these separate half-
reactions and measure a standard potential for 
them. 

But, of course, we must have a standard 
reference.  This is the hydrogen electrode:

2 H+ + e- H2(g) ε° = 0.0 @ pH=0.0

The Standard Electrode and Half-Cells





Redox buffers are much the same as pH buffers. 

They resist changes in potential after small additions of reductants or oxidants. 

They have a buffering capacity that is maximized when the concentrations of both
oxidized and reduced forms of the buffer are high

Let’s say we wish to make a buffer of with NADH

ε°’ (volts)
NAD+ +    H+ + 2 e- NADH -0.32

Which means it’s a worse oxidizing agent than H+ at pH 0.0. 
But this isn’t pH 0.0! We’re at pH 7.0! 

The Nernst Equation and Redox Buffers
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PH2 (g)= 1 atm
aH+= 1     @ pH 0.0
aH+= 10-7 @ pH 7.0



So we’ve found that (for the reactions in the reverse direction)

ε°’(oxidation)= 0.32 V for the NADH oxidation 
and

ε°’ (oxidation)= 0.421 V for the H2 oxidation

So under these conditions H2 is a better reducing agent that NADH at pH 7.0!

At pH 0.0 we find ε°(oxidation) for the NADH oxidation reaction is 0.105. 

Under these conditions NADH is the better reducing agent! 

Why does the order change with pH? What the implications for cell function?



Redox Buffers and Disulfide Bonds

Cells use Redox Buffers to detect large changes in the reduction potential of the 
cell. This potential changes, for example, with the amount of oxygen in the cell.

Fermentations are done anaerobically, i.e. is a more reducing environment
Respiration is done aerobically, i.e. is a more oxidizing environment.

When making wine from grapes we ferment the grapes.

What happens when we let oxygen in?

The two different outcomes aren’t only due to the passive oxidative properties of 
oxygen. The yeast respond directly to changes in oxygen level to change the 
activities of proteins. 

One major player in sensing these levels is glutathione= Glu-Cys-Gly
Which can undergo the following reaction:

2 G-SH G-S-S-G + 2 H+ + 2 e- ε°’= -0.26V



So comparing glutathione reduction to NAD+

ε°’ (volts)
NAD+ +    H+ + 2 e- NADH -0.32
G-S-S-G + 2 H+ + 2 e- 2 G-SH -0.26

we find that if we have both NAD+ and glutathione around, then depending on their 
concentrations one will reduce the other.

If we have roughly equal amounts of NAD+ and NADH and amounts of G-SH and 
and G-S-S-H such that K=1, then G-S-S-H will oxidize NADH until the two 
electrical potentials are equal. 

You should know how to calculate this! 



Platelet-Derived Growth Factor Pathway.

Now if we really want to 
understand cellular function 
we’ve left out a lot of 
important chemistry and 
physics so far.

We will rectify this partly
in the next few weeks.

The natural next step is
physical equilibria.

Membranes and Transport
Ligand Binding
Colligative Properties



Cells separate themselves from the surroundings by membranes.
They also use membrane compartments to separate chemical processes,
to store excess materials, and to move things about.

These membranes are generally a bilayer. Often only 2 molecules thick.

Not only are these membranes a separate phase from the cytoplasm or the 
periplasm but they can themselves fragment into different lipid phases. 

Each of these phases
exists based on different
surface potentials, 
temperature, pressure, local 
stress, electrical potential.

Membranes and Transport



Ligand Binding

Well, we have dealt with this before but we 
haven’t dealt with what happens when different 
phases or compartments are involved!

Look at the STAT proteins. These can only get 
transported to the nucleus in dimer form.

How does this affect it partitioning assuming, of 
course, that there is no active transport. (There 
is.)

How does the binding of the dimer to the DNA 
affect this transport? 



Colligative Properties

These are properties that depend only on the number
of particles in solution and not their nature. 

For an ideal gas: Pressure is a colligative property.

In solution we will find that boiling and freezing 
points show colligative properties. 



Phase Equilibria

What happens when you try and get a hydrophilic drug across a cell membrane?

In general, unless there is a specific active transport process, it is very difficult. 
But you can always get some in since there is usually some partition between 
phases.

Let’s consider a simple system composed of H2O, Hexane in both liquid and gas
form.

Hexane Sol. (l)

H2O Sol. (l)

Vapor

If we wait long enough this system will come to equilibrium.

We find that there is 
some hexane in the water.
some water in the hexane
a mixture of water and hexane gas.

We know that the chemical potentials for each species in all 
phases of this system are equal.



Hexane Sol. (l)

H2O Sol. (l)

Vapor
If we use the same standard state for all phases then
the fact that

µhexane (l)=µhexane (aq) =µhexane (g)

implies that the activity of hexane in all three phases is the
same. 

But we know the concentrations are different!

So what’s different?

Phase Equilibria



Phase Equilibria

Solid Phase A

Solvent2

Solvent 1
Now what?

Well, if we let it come to equilibrium and assume that there
is a vast excess of the solid phase then we know something
strange:

µA (solvent 1)=µA (solvent 2) =µA (solid)

So we can directly calculate the ∆µ for transferring A from one solvent to the
other, right?

We measure the activity of our solute in the two phases and since the µ°’s are
different for the two solute standard states (which have a solute activity of 1),  we 
can calculate this difference by plugging in our measurements.



What happens in this case?

Solid Phase A

Solvent2

Solvent 1

= a protein that can bind a solute dissolved in the solvents

Semi-permeable
Membrane



Homework:

Reading: Chapter 5

TSW 5.2, 5.3(a), 5.5, 5.6, 5.7, 5.9


